To associate events that are disparate in time, the brain must record, retain and perhaps even reflect on the individual events themselves. Aspects of such learning can be probed with trace conditioning, during which an animal learns to associate events that are temporally distant from one another. For decades, we have known that the formation of so-called trace memories (in which one stimulus is associated with a second stimulus that is discontinuous and later in time) depends on the hippocampal formation. Recent findings indicate that the hippocampus is crucial for the initial acquisition of trace memories but not for their expression or long-term storage. More recent findings implicate neurogenesis, synaptogenesis and awareness in the formation of trace memories.
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'Every memory we have is finally of ourselves. If the memory of an experience is flawed, there is a rift in the continuity of self. There is less of us with each depleted memory.' -Don DeLillo (The New Yorker, 2003) The mechanisms whereby the brain associates experiences that are temporally distant from one another have yet to be elucidated, and understandably so. These mechanisms must account not only for the formation of associations between events, of which we know little, but also for remembering the individual stimulus events themselves so as to establish their temporal relationships with subsequent events later in time. In its most simple form, such learning is known as trace conditioning [1] . This article will describe trace memories, some of the learning processes that underlie their acquisition and expression, and what is known about the neuroanatomical substrates that underlie these learning processes, with special emphasis on the hippocampal formation and neurogenesis within the dentate gyrus. Evidence that trace memories are associated with synaptogenesis in the hippocampus will be discussed, as will the potential role of awareness in this form of learning.
Traces in time
In a typical classical conditioning paradigm, a conditioned stimulus (CS) such as a tone is followed by an unconditioned stimulus (US) such as shock or food.
Characteristically, conditioned responding (which is indicative of learning) is strongest when the CS is immediately followed by the US or when they overlap slightly in time. This type of learning is known as delay conditioning because there is a temporal delay between the onsets of the two stimuli [1] (Figure 1a ). This terminology might seem a bit of a misnomer because there is no delay between the Figure 1 . Temporal relationships between stimulus events mediate the ability to acquire associative memories. The conditioned stimulus (CS) is depicted in blue and followed by an unconditioned stimulus (US) in yellow. (a) Delay conditioning is represented as two stimuli that immediately follow one another. The stimuli can also overlap in time as long as the US follows the CS. In either case, the association is usually acquired rapidly, is not associated with awareness and, as such, is considered a procedural memory. (b) Trace conditioning is represented as two stimuli that are not contiguous in time. The stimuli are typically separated from one another by a trace interval, often referred to as the 'gap'. This association is more difficult to learn and because of its dependence on the hippocampal formation [3, 13, 14] and association with awareness is often considered a declarative memory [51] . (c) Explicitly unpaired stimuli are presented one after another but the time between stimuli is random and unpredictable. After repeated exposure to these stimuli, an animal learns that the CS is followed by a US but does not know when the US will occur other than that it will not occur during the CS, and so the animal does not display excitatory responses to the CS. As illustrated, the stimulus events and their relationships to one another are remarkably similar between trace and unpaired conditioning, emphasizing the amazing ability of animals to detect predictive relationships among stimuli as they encounter them in their environment. 
